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(54) Low Inductance multilayer chip and method for fabricating same 



(57) The invention relates to a low inductance mul- 
tilayer chip and a nnethod for fabricating the same, the 
multilayer chip including a plurality of internal electrode 
layers where the intemal electrodes of the predeter- 



mined layers are electrically connected to reverse the 
cunent directions flowing tn the intemal electrodes of 
neighboring layers to thereby ofteet inductance and per- 
forming stable operations at high frequency. 
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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 5 

[0001] The present invention relates to a multilayer 
chip fabricated with a variety of electronic paits such as 
capacitor, varistor, Negative Temperature Characteristic 
(NTC) themriistor, Resistor Capacitor (RC) coupled ele- 
ment and the lilce, and more particularly to a low induct- 
ance multilayer chip having a characteristic of stabile 
operations at high frequency by offsetting inductance 
with an improved internal pattern of a multilayer chip. 

DESCRIPTION OF THE INVENTION 

[0002] Recently, high frequency has been utilized for 
operations of electronic goods like personal portable 
communication devices, personal computer system, 
etc., 80 that there has also been a demand on electronic 
parts to be embedded in the electronic goods that can 
operate stably at high frequency. 
[0003] The exemplary electronic parts as such are 
passive elements Including resistor, capacitor, Inductor 
and so on. The passive elements have generally been 
produced in a single element configuration, but they 
have also been produced in a composite element by 
coupling more than two passive elements to improve 
packaging efficiency and reduce noise among ele- 
ments. 

[0004] However, even If the electronic parts thus con- 
structed have a characteristc of stable operations at a 
low frequency, they show unstable operations at a high 
frequency so that they are disadvantageous to be ap- 
plied to electrons devices using a high operational fre- 
quency. 

[0005] For instance, capacitor shows a stable, unique 
operational characteristk; at a low frequency, but an in- 
crease in equivalent inductance component at a high 
frequency and a concomitant occurrence of parasitic os- 
cillations or a corresponding increase in inipedance to 
drop speed in response. 

[0006] In other words, a multilayer chip capacitor, as 
shown (n FIG. 1 , includes layers having internal elec- 
trodes respectively connected to positive and negative 
external electrodes. As a result, cun'ent flows from the 
positive electrode through dielectric layers to the nega- 
tive electrode^ generating self-Inductance to disturt) the 
flow of current and, whats worse, drastically Increasing 
it at a high frequency. 

[0007] in addition, a RC coupled element, as shown 
in FIG. 2, Is generally made in a repeated anrangement 
of RC circuits on a chip. If a frequency-impedance char- 
acteristic of the RC coupled element as such is meas- 
ured with a networic analyzer, there is an Increase In im- 
pedance due to an increased equivalent inductance 
component caused by a capacitor when operatk>nal fre- 



quency gets over hundreds of MHz and, accordingly, a 
drop in the response speed of the RC coupled element. 

SUMMARY OF THE INVENTION 

[0008] It is an object of the present Invention to solve 
the aforementioned problems and provide a tow induct- 
ance multilayer chip having a characteristb of stable op- 
erations at high frequency with an improvement in an 
internal pattern of the multilayer chip to offset induct- 
ance by making in reverse the cun'ent directions flow 
through internal electrodes of neighboring layens and a 
method for fabricating the same. 
[0009] It is another object of the present invention to 
provide a low Inductance multilayer chip having a char- 
acteristk; of stable operations at high frequency by em- 
ployment of resistance in through holes of the chip and 
fomiation of capacitor layers in which current can flow 
in the reverse directions at neighboring layers and a 
method for fabricating the same. 
[0010] It is a further anther object of the present in- 
vention to provide a low inductance multilayer chip hav- 
ing a characteristic of stable operations at high frequen- 
cy by fomiation of capacitor layers in which current can 
flow in the reverse directions at neighboring layers and 
stacking of resistor layer and the capacitor layers, and 
a method for fabricating the same. 
[0011] It is a still another object of the present inven- 
tion to provkie a multilayer chip that can conveniently 
adjust resistance value by printing resistive paste onto 
the surface of green sheets for fomr^tion of resistor lay- 
ers and stacking of capacitor layers and the resistor lay- 
ers, and a method for fabricating the same. 
[001 2] In order to accomplish the aforementioned ob- 
jects of the present Invention, there Is provided a low 
inductance multilayer chip of the present invention, the 
chip having a plurality of stacked layers f onmed Internal 
electrodes thereon wherein the internal electrodes are 
electrically connected to reverse the cun-ent directions 
flowing in the internal electrodes of neighboring layers. 
[0013] In addition, In order to accomplish the afore- 
mentioned objects of the present Invention, there Is pro- 
vided another low inductance multilayer chip, the chip 
comprising: a stacked structure having a plurality of 
green sheets with at least more than one through hole; 
internal electrodes fomned on the green sheet; external 
electrodes fomned at both ends of the stacked structure 
to be electrically connected with a predetennined inter- 
nal electrode; and conductive material formed In the 
through holes to reverse the current directions flowing 
in the Internal electrode of the neighboring green sheets 
by electrically connecting the internal electrodes of the 
predetennined green sheets. 
[0014] Besides, In order to accomplish the aforemen- 
tioned objects of the present invention, there is provided 
another low inductance multilayer chqp, the chip having 
a plurality of stacked layers formed Internal electrodes 
thereon wherein the Internal electrodes are electrically 
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connected by resistive material to reverse the cunrent 
directions flowing in the internal electrodes of neighbor- 
ing layers, 

[0015] Furthemrwre, in orderto accomplish the afore- 
mentioned objects of the present invention, there is pro- 5 
vided another low inductance multilayer chip, the chip 
comprising: a stacked structure of a plurality of green 
sheets with at least more than one through holes; inter- 
nal electrodes formed in the green sheets; external elec- 
trodes fonned at both ends of the stacked structure to io 
be electrically connected with a predetenmined internal 
electrode; and conducth^e material fonned In the 
through holes to reverse the current directions flowing 
In the internal electrode of the neighboring green sheets 
by electrically connecting the internal electrodes of the i^ 
predetermined green sheets. 
[0016] Also, in order to accomplish the aforemen- 
tioned objects of the present invention, there is provided 
another low Inductance multilayer chip, the chip com- 
prising resistor layers; and capacitor layers wherein the 20 
intemal electrodes of the predetemilned layers are elec- 
trk^atly connected to reverse cunrent directions flowing 
in the intemal electrodes of neighboring layers. 
[0017] Additionally, in order to accomplish the afore- 
mentioned objects of the present invention, there is pro- 25 
vided another multilayer chip, the chip comprising: ca- 
pacitor layers; resistor layers constructed with at least 
more than one green sheet, the surface of whteh is print- 
ed by resistive material; and extemal electrodes formed 
at both ends of the stacked stmcture constructed with 30 
thecapadtor layers and resistorlayersforelectrical con- 
nection. 

[0018] On the other hand, in order to accomplish the 
aforementioned objects of the present invention, there 
Is provided a method for fabricating a low inductance 3S 
multilayer chip, the method comprising the steps of: 
manufacturing green sheets; fomiing through holes in 
the green sheets; forming intemal electrodes on the sur- 
face of the green sheets and in the through holes; stack- 
ing the green sheets to reverse the current directions <o 
flowing in the intemal electrodes of the adjacent green 
sheets by electrically connecting the Internal electrodes 
fonmed on the surface of the predetemiined green 
sheets through those fonmed in the through holes; com- 
pressing the stacked green sheets; thermally plasticiz- 
ing the compressed stacked structure; and fonming ex- 
ternal electrodes at both ends of the stacked stnjcture 
for electrical connection with the predetennined internal 
electrodes. 

[0019] Also, In order to accomplish the aforemen- 5C 
Waned objects of the present invention, there is provided 
another method for fabricating a tow inductance multi- 
layer chip, the method comprising the steps of: manu- 
facturing green sheets; forming through holes in the 
green sheets; fonmlng resistwe material in the through 55 
holes; fomning intemal electrodes on the green sheets; 
stacking the green sheets to reverse the current direc- 
tions flowing in the intemal electrodes of neighboring 



green sheets by electrically connecting the Intemal elec- 
trodes of the predetenmined green sheets through the 
resistive material of the through holes; compressing the 
stacked green sheets; thenmally plastk:izing the com- 
pressed stacked structure; and forming extemal elec- 
trodes at both ends of the stacked structure for electrical 
connection of the predetenmined intemal electrodes. 
[0020] In addition, In order to accomplish the afore- 
mentioned objects of the present Invention, there is pro- 
vided a method for fabricating a low inductance multi- 
layer chip, the method comprising the steps of: manu- 
facturing resistor layers; manufacturing capacitor layers 
with Intemal electrodes being electrically connected to 
reverse the current directions ftowing in the Intemal 
electrodes of adjacent layers; stacking and compress- 
ing the resistor layers and capacitor layers; thennally 
plastldzlng the compressed stacked stnjcture; and 
forming extemal electrodes at both ends of the stacked 
structure fo r electrical connection with the resistor layers 
and capacitor layers. 

[0021 ] Furthermore, in order to accomplish the afore- 
mentioned objects of the present Invention, there Is pro- 
vided a method for fabricating a multilayer chip, the 
method comprising the steps of: manufacturing resistor 
layers by forming resistive material on the surface of 
green sheets; manufacturing capacitor layers; stacking 
and compressing the resistor layers and capacitor lay- 
ers; thermally plasticlzing the compressed stacked 
structure; and fomiing extemal electrodes at both ends 
of the stacked structure for electrical connectton with the 
resistor and capacitor layers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] For fuller understanding of the nature and ob- 
ject of the invention, reference should be made to the 
following detailed description taken in conjunction with 
the accompanying drawings in whbh: 

FIG. 1 is a schematic view for niustrating a struOure 
of a stacked type capacitor chip in the prior art; 
FIG. 2 is a circuit diagreuri for illustrating a RC cou- 
pled element in accordance with the prior art; 
FIG. 3 Is a curved line for illustrating an impedance 
characteristic relating to frequencies in the RC cou* 
pled element of the prior art; 
FIG, 4 Illustrates a stacked type capacitor chip and 
a method for fabricating the same In accordance 
with a first embodiment of the present Invention; 
FIG. 5 Illustrates a stacked type capacitor chip and 
a method for fabrfcatlng the same in accordance 
with a second emtwdlment of the present invention; 
FIGS. 6a through 6c are schematic views for illus- 
trating a stacked type capacitor chip in accordance 
with third through fifth embodiment of the present 
inventwn; 

FIG. 7 illustrates a stacked type RC series coupled 
chip and a method for fabrk:ating the same in ac- 
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cordance with the present invention; 
FIG. 8 is a schematic, cross-sectional view of a 
stacked type RC series coupled chip and its equiv- 
alent circuit In accordance with the present Inven- 
tion; 

FIG. 9 is a schematic, external view of a RC series 
coupled array chip and its equivalent circuit in ac- 
cordance with the present invention; 
FIG. 10 illustrates a stacl<ed type RC parallel cou- 
pled chip and a method for fabricating the same in 
accordance with a first embodiment of the present 
Invention; 

FIG. 11 Is a schematic, cross-sectional view of a 
staci(ed type RC parallel coupled chip and its equiv* 
alent circuit in accordance with the first embodiment 
of the present Invention: 

FIG. 12 illustrates a stacked type RC parallel cou- 
pled chip and a method for fabricating the same In 
accordance with a second embodiment of the 
present invention; 

FIG. 13 is a schematic, cross-sectional view of a 
stacked type RC parallel coupled chip and its equiv- 
alent circuit in accordance with the second embod- 
iment of the present invention; 
FIG. 14 illustrates a stacked type RC parallel cou- 
pled chip and a method for fabricating the same in 
accordance with a third embodiment of the present 
Invention; 

FIG. 15 Is a schematic, cross-sectional view of a 
stacked type RC parallel coupled chip and its equiv- 
alent circuit in accordance wtth the third enrrbodl- 
ment of the present Invention; and 
FIG. 16 illustrates an external view of a RC parallel 
coupled array chip and its equivalent circuit In ac- 
cordance with the present Invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0023] Object and characteristk:s of the present In- 
vention will become apparentfrom the following detailed 
description of preferred embodiments with reference to 
the accompanying drawings. 
[0024] A stacked type capacitor chip and a method for 
making the same will be described with reference to 
FIG. 4 in accordance with a first embodiment of the 
present Invention. 

[0025] First of all, there should be provided raw ma- 
terial of powder for making a capacitor element that Is 
being sold on the market for industrial uses. A PVB- 
based binder of about 8% in weight of the powder Is dis- 
solved in a toluene/alcohol-based solvent and put to- 
gether with the powder. The mixture is milled by a small 
ball mill for about 24 hours and blended to make slunry, 
whk^h Is made into green sheets in a desired thtekness 
(for instance, thickness of 30-50(im] in a method like 
doctor blade. 

[0026] Accordingly, a hole-puncher is utilized to form 
through holes on the green sheets. At this time, the 



through holes are formed to connect every other green 
sheet In a stacked structure. Then, electrode paste of 
Ag, Pd« Ag-Pd, Ni or the like is screen printed on the 
green sheet to form a predetenrnined pattern of internal 
5 electrode. 

[0027] In other words, as shown FIG. 4. the through 
holes 12 are formed at predetennlned positions of a 
green sheet 11 . The electrode paste is printed on the 
surface of the green sheet 1 1 and into the through holes 

10 1 2 at the same time to form an Internal electrode 1 3 that 
get in an electrical connectton with a positive external 
electrode and the electrode of the through holes 12, 22, 
but electrfcelly Insulates against negative external elec- 
trode. As a result, a first layer 10 Is completely formed 
by the aforementioned steps. 
[0028] Furthemnore, after fonmation of the through 
holes 22 at the predetennlned positions of the green 
sheet 21 , electrode paste is printed on the surface of the 
green sheet 21 and in the through holes 22 at the same 

^0 time tofomr) an internal electrode 23 that gets in an elec- 
trical connection with the negative external electrode but 
electrically Insulates against the positive external elec- 
trode and the electrode of the through holes 12, 22. As 
a result, a second layer 20 is completely fomned by the 

25 aforementioned steps. 

[0029] In addition, electrode paste is printed on the 
surface of the green sheet 31 to form an internal elec- 
trode 33 that electrically Insulates against the positive 
and negative external electrodes but gets in an electrical 

00 connection with the electrode of the through holes 12, 
22, SO as to completely form a third layer 30. 
[0030] Furthemnore, fourth through sixth layers 40, 
SO, 60 are fomned Mentically to the first through third 
layers 10,20. 30. 

3S (0031} After sequential stacked of the first through 
sixth layers 10-60, the stacked layers are compressed 
by heat of about 80-120 centigrade degrees and pres- 
sure. At this time, the Internal electrodes 13, 33 of the 
first and third layers 10, 30 are electrically connected 

40 through the electrode of the through holes 12, 22, and 
the internal electrodes of the fourth and sixth layers 40, 
60 are electrically connected through the electrode of 
the through holes. 

[0032] Then, in order to thoroughly eliminate various 
<5 components of the binder remaining in the stacked 
structure compressed as such, the compressed stacked 
structure is baked out by heating for about 6 hours at 
about 400 centigrade degrees and adequately plasti- 
cized at a higher temperature (for instance, 1 1 00-1 300 
so centigrade degrees). At last, external electrodes 70 are 
fonned for connection with internal electrodes 13, 23 at 
the external side of the plastteized stacked structure. 
[0033] If positive/negative voltages are applied to the 
external electrode 70 of the multilayer chip capacitor 
55 thus constnicted, as shown with arrows in FIG. 4, par- 
tially, the cun^nt directnns flowing in the internal elec- 
trodes of adjacent layers are reverse each other, so that 
inductance component Is offset to make a reduction in 
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the equivalent inductance component. 
[0034] At this time, even though the aforementioned 
description has been made about a multilayer chip ca- 
pacitor where the first through sixth layers have been 
sequentially stacked in FIG. 4. the description Is not lim- 
ited thereto, but a mono-capacitor chip can ateo be fab- 
ricated by stacking the first through third layers 10. 20. 
30, and, also, by stacking a plurality of stacked struc- 
tures, each consisting of the first through third layers 10, 
20, 30. 

[0035] A stacked type capacitor chip and a method for 
fabricating the same will be described In accordance 
with a second preferred embodiment of the present in- 
vention. 

[0036] According to the stacked type capacitor chip 
and the method for fabrteating the same in the second 
embodiment of the present Invention, through holes 
connecting only not-neighboring layers and connecting 
only neighboring layers have been respectively fomned 
for electrical connection with internal electrodes of lay- 
ers. The cun^nt directions flowing in the internal elec- 
trode In all the neighboring layers are opposite, so that 
the inductance of all layers has been offset, zeroinig the 
total equivalent inductance component. 
[0037] At first, green sheets are manufactured in the 
same method as those for fabricating a stacked type ca- 
pacitor chip illustrated In accordance with the first em- 
bodiment of the present invention. Then, a hole-puncher 
is utilized to form through holes on the green sheets. At 
this time, the through holes are fonmed to respectively 
connect only not-neighboring green sheets or only 
neighboring green sheets. Then, the electrode paste of 
Ag, Pd, Ag-Pd, Nl or the like is screen-printed on the 
green sheets to fonn a predetemnined pattern of Internal 
electrodes. 

[0038] In other words, as described in FIG. 5. after 
fomnatlon of through holes 112 at predetenmined posi- 
tions of the green sheets 111. the electrode paste is 
printed on the surface of the green sheet 1 1 1 and in the 
through holes 112 atthe same time to form internal eleo- 
trode 1 13 that electrically insulates against positive and 
negative external electrodes, but electrically connects 
the electrode of the through holes 112, 122, 132, 142, 
152, 182. As a result, a first layer 110 Is completely 
formed by the aforementioned steps. 
[0039] Furthermore, after fomriation of the through 
holes 122, 124 at the predetermined positions of the 
green sheet 121 , electrode paste is printed on the sur- 
face of the green sheet 121 and in the through holes 
122. 124 at the same time to form an internal electrode 
123 that gets in an electrical connection with negative 
external electrode and the electrode of the through 
holes 124 but electrically insulates against the positive 
external electrode and the electrode of the through 
holes 1 1 2, 1 22. 1 32, 1 42, 1 52, 1 62. As a result, a second 
layer 120 is completely formed by the aforementioned 
steps. 

[0040] In addition, after formation of the through holes 



132 at the predetermined positions of the green sheet 
131, electrode paste is printed on the surface of the 
green sheet 131 and in the through holes 132 at the 
same time to fomi an internal electrode 133 that electri- 
5 cally Insulates against the positive and negative external 
electrodes and the electrode of the through holes 112, 
122, 132. 142, 152, 1 62 but gets in an electrical connec- 
tion with the electrode of the through holes 124, thereby 
completely forming a third layer 130. 
10 [0041] Furthennore, after fomiation of the through 
holes 142 at the predetermined positions of the green 
sheet 141 , electrode paste Is printed on the surface of 
the green sheet 1 41 and In the through holes 1 42 at the 
same lime to fonn an intemal electrode 1 43 that electri- 
fy cally connects a positive extemal electrode and the 
electrode of the through holes 112. 122, 132, 142. 152, 
162. but insulates against the negative external elec- 
trode, thereby connpletely forming a fourth layer 140. 
[0042] Besides, after formation of the through holes 
20 152, 154 at the predetermined positions of the green 
sheet 151, electrode paste is printed on the surface of 
the green sheet 151 and in the through holes 152. 154 
at the same time to form an internal electrode 1 53 that 
electrically insulates positive and negative external 
25 electrodes and the electrode of the through holes 1 1 2, 
122, 132, 142, 152, 162, but gets in an electrical con- 
nection with the electrode of the through holes 154, 
thereby completely forming a fifth layer 150. 
[0043] Furthermore, after fomiation of through holes 
30 1 62 at the predetermined positions of the green sheet 

161 , electrode paste Is printed on the surface of the 
green sheet 161 and in the through holes 162 at the 
same time to forni an Intemal electrode 1 63 that electri- 
cally insulates a positive external electrode and the etec- 

35 trode of the through holes 1 1 2, 1 22, 1 32, 1 42, 1 52. 1 62, 
but gets in an electrical connection with a negative ex- 
temal electrode and the electrode of the through holes 
154, thereby completely fomiing a sixth layer 160. 
[0044] Then, electrode paste is printed on the surface 

40 of the green sheet 171 to form an intemal electrode 1 73 
that electrically insulates positive and negative external 
electrodes but gets in an electrk^al connection with the 
electrode of the through holes 112, 122, 132. 142, 152, 

162, thereby completely fonmlng a seventh layer 170. 
45 [0045] Next,thefirstthroughseventhlayers110~170 

are sequentially stacked and tightly compressed by heat 
of about 80-^120 centigrade degrees and pressure. At 
this time, internal electrodes 113. 143. 173 of the first, 
fourth, seventh layers 1 1 0, 1 40, 1 70 are electrically con- 

50 nected through the electrode of the through holes 112, 
122, 132, 142, 152, 162. The intemal electrodes 123, 
133 of the second and third layers 1 20, 130 are electri- 
cally connected through the electrode of the through 
holes 124. The intemal electrodes 153. 163 of the fifth 

55 and sixth layers 150, 160 are electrically connected 
through the electrode of the through holes 154. 
[0046] In order to thoroughly eliminate a variety of 
binder components in the compressed stacked stmc- 
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ture, the stacked structure thus constructed will be 
backed out by heating at about 400 centigrade degrees 
for 6 hours and then ptastk^zed at an increased, higher 
plastidzation temperature (for instance. 1100-1300 
centigrade degrees). At the external parts of the plasti- s 
clzed stacked structure, external electrodes 180 are 
fomied for electrical connection with Internal electrodea 
123. 143, 163 of the stacked structure. 
[0047] if positive/negative voltages are applied to ex- 
ternal electrodes 180 of the multilayer chip capacitor io 
thus constructed, as shown in FIG. 6, the current direc- 
tions flowing in the internal electrodes of almost all the 
layers are reverse to offset Inductance, thereby almost 
zeroing the equivalent inductance even at high frequen- 
cy. Also, equivalent series resistance decreases as an is 
absolute resistance value of the internal electrodes is 
low or the area of the Internal electrodes gets larger As 
the number of dummy layers 182 that does not contrib- 
ute to the capacity increases, the area of the Internal 
electrodes against the capacity increases to lower down so 
the equivalent series resistance value, thereby reducing 
unnecessary electricity consumption. 
[0048] In FIG. 5. a description has been made on the 
stacked type capacitor chip, in which the first through 
seventh layers 1 1 0-1 70 are stacked (n sequence, as the 25 
prefen^ed embodiment of the present invention. Howev- 
er, the present invention is not limited thereto, but a mo- 
no-capacitor can also be fabricated by staddng a plu- 
rality of the stacked structures constructed with the first 
through seventh layers 1 1 0-1 70. 3o 
[0049] Besides, a variety of stacked type capacitor 
chips can be fabricated on the basis of the aforemen- 
tioned basic structures of the stacked capacitor chips in 
accordance with the first and second embodiments of 
the present Invention. 35 
[OOSO] For instance, as shown In FIG. 6a, through 
holes are fomied at every other side of a stacked type 
capacitor chip, which prevents concentration of the 
through holes at one side of the multilayer chip. As a 
result, dissymmetry of the multilayer chip may be re- ^0 
lleved in piastlcization. As shown in FIG. 6b, the patterns 
of stacked type capacitor chip designed In accordance 
with the first and second embodiments of the present 
invention can be used in conr^ination to manufacture 
capacitors having various dimensions of capacity. As <5 
shown in FIG. 6c, a design pattern of a stacked type 
capacitor chip Illustrated in accordance with the second 
embodiment of the present invention and another pat- 
tern of a stacked type capacitor chip shown In FIG. 6a 
are applied to increase the capacity of a capacitor and so 
to relieve dissynrrmetry In plastteization. 
[0051 1 On the other hand, the aforementioned meth- 
od for fabricating a multilayer chip, where the cun-ent 
directions flowing in the internal electrode of neighbor- 
ing layers are opposite, can also be applied to produce S5 
varistor, NTC themnistor and other electronfc parts. For 
Instance, in case of varistor, an additive like BijOg, CoO, 
MnO or the like is put into raw powder for a varistor like 



2nO, which is on the maricel for industrial uses and, 
then, bafl-mHled for 24 hours with water or alcohol as a 
solvent. The resultant raw powder is made into green 
sheets. The same method for fabricating the aforemen- 
tioned stacked type capacitor chip is applied onto the 
green sheets, so as to produce a varistor that reduces 
inductance at high frequency. 
[0052] Besides, more than two mono-multilayer chips 
fabricated In the above methods can be combined for 
desired characteristics to produce a multi-type multilay- 
er chip. For instance, the capacitor and varistor con- 
structed in the aforementioned methods are attached to 
manufacture a composite element. 
[0053] As described above, the stacked type capaci- 
tor chip of the present invention improves an internal 
pattern of a multilayer chip to make the cun-ent direc- 
tions flowing in the neighboring layeiB opposite, which 
offsets inductance, so that the stacked type capacitor 
chip has a stable operatton characteristte even at high 
frequency and reduces the equivalent series resistance 
value by controlling the area of internal electrodes for 
less electricity consumption. 
[0054] A stacked type RC series coupled chip and a 
method for fabricating the same of the present invention 
will be described with reference to FIGS. 7 and 8. 
[0055] First of all, green sheets are manufactured in 
the same method as those for fabricating the stacked 
type capacitor chip shown in the first embodtfnent of the 
present invention. Then, a hole-puncher is used to fonn 
through holes in the green sheets. At this time, the 
through holes are made to connect every other green 
sheets, that Is, not-neighboring green sheets when a 
plurality of green sheets are stacked. Then, resistive 
paste like RuOj paste Is printed to form resistance in 
the through holes. At this time, the through holes can be 
made in a variety of types such as multi-angular shape 
or cylindrical shape. The resistance value is adjusted by 
shape, size and number of through holes. Then, the 
electrode paste of Ag, Pd, Ag-Pd. Ni or the like is screen- 
printed on the green sheets to f omi a predetermined pat* 
tern of internal electrode. 

[0056] As shown in FIG. 7. through holes 212 are 
formed at the predetermined positions of a green sheet 
211 and filled with resistive material. Then, electrode 
paste is printed on the surface of the green sheet 211 
to fomi an internal electrode 213 that electrtealiy con- 
nects a positive extemal electrode and the resistive ma- 
terial of the through holes, but electrically insulates 
against a negative external electrode, thereby com- 
pletely forming a first layer 210. 
[0057] Furthermore, after through holes 222 are 
formed at the predetemilned positions of the green 
sheet 221 and filled with resistive material, electrode 
paste is printed on the surface of the green sheet 221 
to form an internal electrode 223 that gets In an electrical 
conne<^ion with a negative extemal electrode but elec- 
trically insulates against the positive external electrode 
and the resistive material of the through holes 212. 222. 
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thereby completely forming a second layer 220. 
[0058] In addition, electrode paste is printed on the 
surface of the green sheet 231 to fonn an internal elec- 
trode 233 that electrically Insulates against the positive 
and negative external electrodes but gets In an electrical 
connection with the resistive material of the through 
holes 21 2, 222, theret)y completely f onning a third layer 
230. 

[0059] Furthermore, after through holes 242 are 
fomied at the predetermined positions of the green 
sheet 241 and filled with resistive matenal, electrode 
paste is printed on the surface of the green sheet 241 
to torn an internal electrode 243 that electrically con- 
nects the negative external electrode and the reslsthre 
material of the through holes 242, 252. but electrically 
insulates against the positive external electrode, there- 
by completely fomiing a fourth layer 140. 
[0060] Besides, after through holes 252 are fomied at 
the predetemnined positions of the green sheet 251 and 
filled with resistive material, electrode paste is printed 
on the surface of the green sheet 251 to f onm an Internal 
electrode 253 that gets in an electrical connection with 
the positive external electrode, but electrically insulates 
negative external electrode and the resistive material of 
the through holes 242, 252, thereby completely fomiing 
a fifth layer 250. 

[0061] In addition, electrode paste is printed on the 
surface of the green sheet 261 to forni an Internal elec- 
trode 283 that electrically Insulates against the positive 
and negative external electrodes but gets in an electrical 
connection with the resfetive material of the through 
holes 242, 252, thereby completely forming a sixth layer 
260. 

[0062] Next, the first through sixth layers 21 0-260 are 
sequentially stacked and tightly compressed by heat of 
about 80-1 20 centigrade degrees and pressure. At this 
time, internal electrodes 213, 233 of the first and third 
layers 210, 230 are electrically connected through the 
resistive material of the through holes 212, 222. Also, 
the internal electrodes 243, 263 of the fourth and sixth 
layers 240, 260 are electrically connected through the 
resistive material of the through holes 242. 252. 
[0063] In order to thoroughly eliminate a variety of 
binder components in the compressed stacked struc- 
ture, the stacked stmcture thus constructed will be 
backed out by heating at about 400 centigrade degrees 
for 6 hours and then plasticized at an increased, higher 
plasticization temperature (for Instance, 1100-1300 
centigrade degrees). At the extemal parts of the plasti- 
cized stacked structure, extemal electrodes 270 are 
fomied for electrical connection with the internal elec- 
trodes of the stacked structure. 
[0064] As a result, the stacked type RC coupled chip 
thus constructed, as shown In FIG. 8. includes a capac- 
itor component 272 and a resistor component 274 of the 
through holes. The equivalent circuit becomes a shape 
of a RC series coupled element in which the capacitor 
and resistor components 272, 274 are connected in se- 



ries. 

[0065] If positive/negative voltages are applied to ex- 
temal electrodes 270 of the stacked type RC series cou- 
. pled chip thus constructed, as shown in FIG, 8. the cur- 
3 rentdirections flowing In the internal electrodes of neigh- 
boring layers are reverse to offset inductance compo- 
nent and to sign'rficantly reduce the equhralent Induct- 
ance component at high frequency. 
[0066] Also , the pattern of the internal electrode of the 
10 stacked type RC series coupled chip and the through 
holes forming pattem can be designed to repeat several 
times and the aforementioned fabricating method can 
be utilized to produce a RC series coupled array chip in 
which a plurality of RC series coupled elements are 
ts stacked as shown in FIG. 9. 

[0067] A stacked type RC parallel coupled chip and a 
method for fabricating the same will be described with 
reference to FIGS. 10 and 11 In accordance with a first 
embodiment of the present Invention. 
20 [0068] First of all, green sheets are manufactured In 
the same method as those for fabricating the stacked 
type RC series coupled chip. Then, a hole-puncher is 
used to fomi through holes in the green sheets to con- 
nect the neighboring green sheets in stacked. Then, re- 
25 sistive paste like RUO2 paste is printed into the through 
holes to fomi resistance. Then, electrode paste of Ag, 
Pd, Ag-Pd, Ni or the like is screen-printed on the green 
sheets to fonm internal electrode, thereby fomiing resis- 
tor layers 300. At this time, the through holes can be 
30 made In a variety of types such as multi-angular shape 
or cylindrical shape. The resistance value Is adjusted by 
shape, size and number of through holes. 
[0069] As shown in FIG. 10, through holes 312 are 
fonmed at the predetennined positions of a green sheet 
35 311 and filled with resistive material. Then, electrode 
paste is printed on the surface of the green sheet 311 
to fomn an Internal electrode 313 that electrically con- 
nects a positive extemal electrode and the resistive ma- 
terial of the through holes 312, but electrically Insulates 
40 against a negative extemal electrode, thereby com- 
pletely forming a first resistor layer 31 0. 
[0070] Furthemnore, electrode paste Is printed on the 
surface of the green sheet 321 to fomi an Internal elec- 
trode 323 that gets in an electrical connection with a 
45 negative extemal electrode and the resistive material of 
the through holes 312. but electrically insulates against 
the positive external electrode, thereby completely 
fomiing a second resistor layer 320. 
[0071 ] Next, through holes are fonned to connect the 
so not-neighboring green sheets in stacked. Electrode 
paste of Ag, Pd, Ag-Pd, Ni or the like is screen-printed 
on the surface of the green sheets and into the through 
holes to fomi intemal electrode, thereby fomiing capac- 
itor layers 400. 

55 [0072] in other words, as shown in FIG. 1 0, after for- 
mation of the through holes 412 at the predetennined 
positions of the green sheet 41 1 , electrode paste is print- 
ed on the surface of the green sheet 411 and Into the 
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through holes 412 to form an internal electrode 413 that 
electrically connects an electrode of the through holes 
412. 422 but electrically Insulates against positive and 
negative external electrodes, thereby completely form- 
ing a first capacitor layer 41 0. 
[0073] In addition, after formation of through holes 
422 at the predetermined positions of the green sheet 
421 , electrode paste is printed on the surface of the 
green sheet 421 and the Into the through holes 422 to 
form an internal electrode 423 that gets In an electrical 
connection with the negative external electrode, but 
electrically Insulates against the positive external elec- 
trode and the electrode of the through holes 412, 422. 
thereby completely fomiing a second capacitor layer 
420. 

[0074] Besides, electrode paste Is printed on the sur- 
face of the green sheet 431 to form an internal electrode 
433 that electricaliy Insulates against the negative ex- 
temal electrode, but gets in an electrical connection with 
the positive external electrode and the electrode of the 
through holes 412. 422, thereby completely fonnlng a 
third capacitor layer 430. 

[0075] Furthemiore, fourth through sixth capacitor 
layers 440, 460, 460, as shown in FIG. 10 are manufac- 
tured in the same method as the first through third ca- 
pacitor layers 410, 420, 430. 
[0076] Next, the first and second resistor layers 31 0, 
320 and the first through sixth layers 410-460 are se- 
quentially stacked and tightly compressed by heat of 
about 60-120 centigrade degrees and pressure. At this 
time, Internal eteclrodes 31 3, 323 of the first and second 
resistor layers 310, 320 are electrically connected 
through the resistive material of the through holes 312. 
Also, the Internal electrodes 413. 433 of the first and 
third capacitor layers 410, 430 are electrically connect- 
ed through the electrode of the through holes 412, 422. 
The Internal electrode of the fourth and sixth capacitor 
layers 440, 460 are electrically connected through the 
electrode of the through holes. 
[0077] In order to thoroughly eliminate a variety of 
binder components in the compressed stacked struc- 
ture, the stacked structure thus constnicted will be 
backed out by heating at about 400 centigrade degrees 
for 6 hours and then plasttelzed at an increased, higher 
plastteization temperature (for instance, 1100-1300 
centigrade degrees). At the external parts of the plasti- 
clzed stacked structure, external electrodes 470 are 
formed for electrical connection with the internal elec- 
trodes of the stacked structure. 
[0078] As a result, the stacked type RC coupled chip 
thus constructed, as shown In FIG. 11 , includes a resis- 
tor component 472 and a capacitor component 474 of 
through holes. The equh^alent circuit becomes a shape 
of a RC parallel coupled element in which the resistor 
and capacitor components 472, 474 are connected in 
parallel. 

[0079] if positive/negative voltages are applied to ex- 
ternal electrodes 470 of the stacked type RC parallel 



coupled chip thus constructed, as shown with anrows in 
FIG. 11, the current directions flowing in the internal 
electrodes of neighboring layers are reverse to offset in- 
ductance component and to significantly reduce the 
s equivalent inductance component at high frequency. 
[0080] A stacked type RC parallel coupled chip and a 
method for fabricating the same will be described with 
reference to FIGS. 1 2 and 1 3 In accordance with a sec- 
ond enr^diment of the present inventton. 
10 [0081] First of all, green sheets are manufactured in 
the same method as those for fabricating the stacked 
type RC series coupled chip fn accordance with the first 
embodiment of the present invention. Then, resistive 
paste like RuO^ paste Is printed on the surface of the 
green sheets. 

[0082] As shown in FIG. 1 2. electrode paste is printed 
on the surface of the green sheet 51 1 to electrically con- 
nect both ends of positive and negative external elec- 
trodes, thereby forming a first resistor layer 51 0. A sec- 
20 ond resistor layer Is fomied in the same method. At this 
time, the resistance value is adjusted by the resistor val- 
ue of the resistive paste, area and thickness of the print- 
ed resistive paste and the number of stacked resistor 
layers. 

2s [0083] Then, capacitor layers 600 are fomned in the 
same method as those for fabricating the capacitor lay- 
ers of the stacked type RC parallel coupled chip in ac- 
cordance with the first embodiment of the present Inven- 
Uon. 

30 [0084] Next, the resistor layers 500 and capacitor lay- 
ers 600 manufactured in the aforementioned method 
are sequentially stacked and tightly compressed by heat 
of about 80-120 centigrade degrees and pressure. 
[0085] In order to thoroughly eliminate a variety of 
35 binder components in the compressed stacked stmc- 
ture, the stacked structure thus constructed will be 
backed out by heating at about 400 centigrade degrees 
for 6 hours and. then, plastteized at an Increased, higher 
plastteization temperature (for instance, 1100-1300 
^0 centigrade degnses). At the extemal parts of the plasti- 
dzed stacked structure, extemal electrodes 670 are 
formedfor an elecAical connection with the Internal elec- 
trodes of the stacked structure. 
[0086] As a result, the RC multilayer chip thus con- 
45 structed, as shown In FIG. 1 3, includes a laterally printed 
resistor component 672 and a capacitor component 
674. The equlvaient circuit becomes a shape of a RC 
parallel coupled element in which the resistor and ca- 
pacitor components 672, 674 are connected in parallel. 
so [0087] If positive/negative voltages are applied to ex- 
temal electrodes 670 of the stacked type RC parallel 
coupled chip thus constructed, as shown with an-ows in 
FIG. 13, the current directions ftowing in the internal 
electrodes of neighboring layers are reverse to offset in- 
55 ductance component and to significantly reduce the 
equivalent inductance component at high frequency In 
addition, the resistance vaiue can be easily adjusted by 
controlling the area of the resistor patterns and the 
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number of stacked resistor layers. 
[0088] A stacked type RC paraDel coupted chip and a 
method for fabrk:ating the same will be desciibed with 
reference to FIGS. 14 and 15 in aocordance with a third 
embodiment of the present Invention. 
[0089] Rrst of all, green sheets are manufactured in 
the same method as those for fabricating a stacked type 
RC series coupled chip of the present invention. Resis- 
tor layers 700 are formed in the same method as those 
for fabrk:atingthe stacked type RC parallel coupled chip 
in accordance with the second embodiment of the 
present invention. Electrode paste of Ag, Pd. Ag-Pd, Ni 
or the like is screen-printed on the surface of the green 
sheets, thereby stacking capacitor layers 800. 
[0090] At this time, electrode paste is printed onto the 
green sheet 811 to fomrt an internal electrode 813 that 
electtlcaliy connects a negath^e external electrode but 
eiectricaily insulates against a positive external elec- 
trode, thereby forming a first capacitor layer 81 0. In ad- 
dition, electrode paste is printed onto the green sheet 
821 to form an internal electrode 823 that eiectricaily 
connects a positive external electrode but electncatly in- 
sulates against a negative external electrode, thereby 
fonming a second capacitor layer 820. Furthemnore, 
third and fourth capacitor layers 830, 840 are formed in 
the same method as the first and second capacitor lay- 
ers 810, 820. 

[0091 ] Next, the resistor layers 700 and capacitor lay- 
ers 800 thus constructed are sequentially stacked and 
tightly compressed by heat of about 80-120 centigrade 

degrees and pressure. 

[0092] (n order to thoroughly eliminate a variety of 
binder components in the compressed stacked struc- 
ture, the stacked stmcture thus constnjcted will be 
backed out by heating at about 400 centigrade degrees 
for 6 hours and then plastidzed at an increased, higher 
plasttcization temperature (for instance. 1100-1300 
centigrade degrees). At the external parts of the plastl- 
cized stacked structure, external electrodes 870 are 
fomied for electrical connection with the internal elec- 
trodes of the stacked struc^re. 
[0093] As a result, the RC multilayer chip thus con- 
structed, as shown In FIG. 1 5. includes a laterally printed 
resistor con^onent 872 and a capacitor component 
874. The equivalent circuit becomes a shape of a RC 
parallel coupled element in which the resistor and ca- 
pacitor components 872, 874 are connected in parallel. 
Besides, the resistance value can be easily adjusted by 
controUing the area of the resistor component pattern 
and the number of stacked resistor layers, and a variety 
of capacitor values can be obtained by repeatedly stack- 
ing capacitor layens. 

[0094] On the other hand, the intemal pattern of the 
stacked type RC parallel coupled chip described in ac- 
cordance with the first through third embodiments of the 
present invention can be repeated in design and the 
aforementioned fabricating method can be utilized, 
thereby making it possible to fabricate a RC parallel cou- 



pted array chip in which a plurality of RC parallel coupled 
elements can be stacked. 

[0095] In addition, the methods for fabricating the 
stacked type RC series coupled chip and the stacked 
4 type RC parallel coupled chip are used in combination 
to fabricate an RC coupled chip in which there exist both 
series and parallel resistor components. 



10 Claims 

1 . A low Inductance multilayer chip having a plurality 
of stacked layers fomied internal electrodes there- 
on wherein the Internal electrodes are e[ectrk:a)ly 

IS connected to reverse the cun-ent directions flowing 
in the internal electrodes of nelghtjoring layers. 

2. The multilayer chip, as defined in claim 1 , wherein 
the intemal electrodes of the predetemiined layers 

^0 are electrically connected by conductive material 
fonmed in the through holes fonmed on the stacked 
layers. 

3. A low inductance multilayer chip, the chip compris- 

2S ing: 

a stacked structure having a plurality of green 
sheets with at least more than one through 
hole; 

30 Intemal electrodes formed on the green sheet; 

external electrodes fonmed at both ends of the 
stacked structure to be electrically connected 
with a predetemnined intemal electrode; and 
conductive material f onned In the through holes 

35 to reverse the cunrent directions flowing in the 

intemal electrode of ttie neighboring green 
sheets by electrically connecting the intemal 
electrodes of the predetemnined green sheets. 

40 4. The multilayer chip, as defined in claim 3, wherein 
the through holes are altemately fonmed at both 
ends of the stacked structure. 

5. A low inductance multilayer chip having a plurality 
45 of stacked layers fonmed internal electrodes there- 
on wherein the internal electrodes are electrk:ally 
connected by resistive material to reverse the cur- 
rent directions flowing in the internal electrodes of 
neighboring layers. 

50 

6. The multilayer chip, as defined In dalm 5, wherein 
the intemal electrodes of the predetemnined layers 
are eiectricaily connected by resistive material in 
through holes formed on the stacked layers. 

55 

7. A low Inductance multitayer chip comprising: 

a stacked structure having a plurality of green 
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sheets with at least more than one through 
hole; 

Internal electrodes formed on the green sheets; 
external electrodes formed at both ends of the 
stacked structure to be electrically connected 
with a predetenmined Internal electrode; and 
resistive material fomied in the through holes 
to reverse the current directions flowing In the 
Internal electrode of the neighboring green 
sheets by electrically connecting the internal 
electrodes of the predetemiined gre^ sheets. 

8. A low inductance multilayer chip conprlsing: 

resistor layers; and 

capacitor layers wherein the internal electrodes 
ofthepredetemfilned layers are electrically con- 
nected to reverse cun'ent directions flowing in 
the internal electrodes of neighboring layers. 

9. The multilayer chip, as defined in claim 8, wherein 
the external electrodes are fomied at both ends of 
the stacked structure constructed with the resistor 
and capacitor layers for electrical connection. 

10. The multilayer chip, as defined In claim 8, wherein 
the resistor layers comprises: 

a plurality of green sheets with at (east more 
than one through hole; 

internal electrodes fonmed on the green sheets; 
and 

resistive material fomied In the through holes 
for electrical connection of the Intemal elec- 
trodes. 

11. The multilayer chip, as defined in claim 8, wherein 
the resistor layers are constmcted with at least 
more than one green sheet, the suriace of which is 
printed with resistive material. 

12. The multilayer chip, as defined In any one of claims 
8 through 1 1 , wherein the capacitor layers include: 

a stacked stmcture having a plurality of green 
sheets with more than one through hole; 
internal electrodes formed in the green sheets; 
and 

conductive material fomied in the through holes 
to reverse ^e current directions flowing in the 
Intemal electrodes of neighboring green sheets 
by electrically connecting the internal elec- 
trodes of the predetemnined green sheets. 

13. A multilayer chip comprising: 

capacitor layers; 

resistor layers constructed with at least more 
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than one green sheet, the surface of which is 
printed by resistive material; and 
external electrodes f onned at both ends of the 
stacked structure constructed with capacitor 
5 and resistor layers for electrical connec^k>n. 

14. A method for fabricating a low inductance multilayer 
chip, the method comprising the steps of: 

^0 manufacturing green sheets; 

fonning through holes in the green sheets; 
fonming intemal electrodes on the surface of the 
green sheet and in the through holes; 
stacking the green sheets to reverse the current 
directions flowing in the internal electrodes of 
the adjacent green sheets by electrically con* 
necting the intemal electrodes formed on the 
surface of the predetemnined green sheets 
through ttiose formed in the through holes; 
compressing the stacked green sheets; 
themnaily plasticizing the compressed stacked 
structure; and 

fomiing external electrodes at both ends of the 
stacked structure for electrical connection with 
the predetermined Internal electrodes. 



15. The method, as defined in claim 14, wherein the 
through holes are alternately fomned at both ends 
of the stacked structure. 

16. The method, as defined in claim 14, wherein the 
through holes are formed at both ends of the green 
sheets to electrically connect each of the internal 
electrodes of the through holes with those formed 
on the surface of separate green sheets. 

17. Amethodforfabricating a low inductance multilayer 
chip, the method conrprising the steps of: 

making green sheets; 
forming through holes in the green sheets; 
fonning resistive material In the through holes; 
fomiing internal electrodes on the green 
sheets; 

stacking the green sheets to reverse the current 
directions flowing in the intemal electrodes of 
neighboring green sheets by electrbaliy con- 
necting the internal electrodes of the predeter- 
mined green sheets through the resistive ma* 
terial of the through holes; 
compressing the stacked green sheets; 
thenmally ptastbizing the compressed stacked 
structure; and 

fonning external electrodes at both ends of the 
stacked structure tor electrical connection with 
the predetemnined internal electrodes. 

18. A method for fabricating a low inductance multilayer 
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chip comprising the steps of: 

manufacturing resistor iayers; 
maunufacturing capacitor layers with internal 
electrodes being electrically connected to re- 
verse the current directions flowing in the inter- 
nal electrodes of adjacent layers; 
stacking and compressing the resistor layers 
and capacitor layers; 

themfialty plasticizing the compressed stacked 
structure; and 

fomning external electrodes at both ends of the 
stacked structure for electrical connection with 
the resistor layers and capacitor layers. 

19. A method, as defined In claim 1 8, wherein the step 
of manufacturing the resistor layers includes the 
steps of: 
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and capacitor iayers; 

thermally piastk^ing the compressed stacked 
structure: and 

fomiing extemal electrodes at both ends of the 
stacked structure for electrical connection with 
the resistor layers and capacitor iayers. 



making green sheets; 
fomning through holes in the green sheets; 
fonning resistive material In the through holes; 
fomiing internal electrodes on the green 
sheets; and 

stacking the green sheets to get the internal 
electrodes electrically connected by resistive 
material. 
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20. The method, as defined in claim 18. wherein the 
step of manufacturing the resistor layers includes 
the steps of: 



30 



manufacturing green sheets; and 

fomning resistive material on the surface of the 

green sheets. 35 



21. The method, as defined in claim 18. wherein the 
step of manufacturing capacitor layers Includes the 
steps of: 

manufacturing green sheets; 
fomning through holes in the green sheets; 
fomiing internal electrodes on the surface of the 
green sheets and in the through holes; and 
stacking the green sheets to reverse the current 
directions flowing in the Internal electrodes of 
neighboring green sheets by electrically con- 
necting the intemal electrodes of the predeter> 
mined green sheets through the resistive ma- 
terial In the through holes. 

22. A method for fabricating a multilayer chip, the meth- 
od comprising the steps of: 

manufacturing resistor layers by fomiing resis- 
tive material on the surface of green sheets; 
manufacturing capacitor iayers; 
st£»ktng and compressing the resistor layers 
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